Inhibition of Escherichia coli respiratory complex I by Zn(2+).
The energy-converting NADH:ubiquinone oxidoreductase, respiratory complex I, couples NADH oxidation and quinone reduction with the translocation of protons across the membrane. Complex I exhibits a unique L shape with a peripheral arm extending in the aqueous phase and a membrane arm embedded in the lipid bilayer. Both arms have a length of ∼180 Å. The electron transfer reaction is catalyzed by a series of cofactors in the peripheral arm, while the membrane arm catalyzes proton translocation. We used the inhibition of complex I by zinc to shed light on the coupling of the two processes, which is not yet understood. Enzyme kinetics revealed the presence of two high-affinity binding sites for Zn(2+) that are attributed to the proton translocation pathways in the membrane arm. Electrochemically induced Fourier transform infrared difference spectroscopy demonstrated that zinc binding involves at least two protonated acidic residues. Electron paramagnetic resonance spectroscopy showed that one of the cofactors is only partially reduced by NADH in the presence of Zn(2+). We conclude that blocking the proton channels in the membrane arm leads to a partial block of the electron transfer in the peripheral arm, indicating the long-range coupling between both processes.